The DVB-T (Digital Video Broadcasting-Terrestrial) 
Introduction
Digital television broadcasting standards are planned to replace the current analog ones in most parts of the world. For Europe, this standard is DVB-T (Digital Video Broadcasting-Terrestrial) which includes a variety of features not only in the physical layer but also in the binary stream structure [1] , which leads to a reduction of the spectrum needed, better radio coverage, improved image quality and interactive services capability. DVB-T is designed to operate in the IV and V bands corresponding to the analog television bands, so that the users do not change their antennas and the favorable UHF propagation characteristics are maintained. Specifically, the whole frequency band used by DVB-T is 470 -862 MHz, however the band is not intended to be fully used. The frequency band 790 -862 MHz, called Digital Dividend, is intended to be used for mobile applications or for special digital television services [2] . Therefore, several countries practically do not take into account this band for the deployment of the digital television broadcasting scheme, using only the UHF frequency band 470 -790 MHz, which corresponds to channels 21 -60 of the analog channel allocation, while the channels 61 -69, are committed for Digital Dividend applications.
Low noise amplifiers are used at receiver's side in all communications systems in order to offer the first amplification to the received signal with the addition of the minimum noise [3] . Although LNAs are parts of the receivers only, their design should take into account the general features of the whole communications system. Also, as part of the receiving chain the LNA is connected with the other parts of the receiver, a fact which imposes further limitations to the LNA.
The operation of the LNA in UHF television frequentcies means that microwave design should be applied. The design is based on microstrip, so limitations are posed. An appropriate transistor is selected and the bias circuit is designed afterwards. A one-stage amplifier is designed followed by the final two-stage amplifier design. The specifications defined for the application are met successfully.
LNA Specifications and Design Process

LNA Specifications
The specifications of the low noise amplifier are given in Table 1 [4] . The band in which the device will operate is the most commonly allocated DVB-T band of 470 -790 MHz. Thus, the central frequency is 630 MHz. The gain of the low noise amplifier should be high and be combined with the gain of the other following components. In order to achieve high linearity, 1 dB compression point is chosen to be rather high. Noise figure should be lower than 2 dB, which is a rather strict requirement, but in modern devices, even lower noise figures can be achieved [5] . The input and output reflection coefficients typically are chosen to be lower than −10 dB in all useful bandwidth, in order to avoid harmful reflections. Based on these specifications, a suitable transistor is chosen. MGA-53543 [6] meets all the requirements, with 17.4 dB gain at 0.9 GHz, and noise figure 1.5 dB. Its linearity exceeds the specifications and it needs +5 V bias. These characteristics are achieved due to pHEMT technology, especially the very low noise figure. Several designs with pHEMT can be found [7, 8] , especially for higher frequencies.
In order to meet the gain requirements, a two-staged amplifier is needed. As for the noise figure requirement, the first stage mainly determines its value, as it is known from microwave theory [9] , so, as the stages will be identical, the noise figure will be almost 1.5 dB.
Substrate Characteristics
The substrate R04350 characteristics are given in Table  2 . The input and output impedance should be 75 Ω for television applications. Thus, the width of the microstrip should be 0.77 mm, whereas the effective relative permittivity is 2.572.
Design Process
The low noise amplifier is designed with the use of Agilent's Advanced Design System [10] . Transistor Sparameter model is used, along with the microstrip library components [11] . The design is optimized through random and gradient techniques, in order to achieve specified goals of input and output VSWRs (Voltage Standing Wave Ratio), used instead of reflection coefficient measure. Also, the tuning operation is used in order to optimize a single variable or a pair of variables but not the whole multi parametric design.
Bias Circuit
One of the most important design processes during an amplifier design process is the bias circuit design, which is designed separately. The bias circuit, apart from providing the desired voltage level, deters power losses towards the supply. Thus, the reflection coefficient of the bias circuit, as seen from the rest system, should be near 1 with zero phase. This means that the bias circuit should be seen as an open circuit from the rest system. As it is known from microwave theory, in order to achieve this, a short circuit in λ g /4 distance, where λ g is the microstrip wavelength, is required. Alternatively, a λ g /4 open-circuited stub must be placed in λ g /4 distance from the connection point with the rest circuit. The designed bias circuit is given in Figure 1 .
In Figure 2 the reflection coefficient of the bias circuit is given. As it is expected, S 11 is near open-circuit at the center frequency, although there is a small deviation at the edge frequencies. For better accuracy, the tuning capability of ADS was used instead of using directly λ g /4 lengths and these lengths were estimated 74.2 mm. The two capacitances are used for isolation purposes.
Low Noise Amplifier Design
The amplifier should be two-staged in order to achieve gain requirements [4] . The full low noise amplifier design is shown in Figure 3 .
Before simulating the whole design, the one stage amplifier was primarily simulated. It succeeded in all requirements therefore the two-stage amplifier could be designed. The two stages are identical, so the 17 dB gain of the one-stage amplifier is expected to double in the whole design. The design was optimized through random and gradient techniques, in order to meet the requirements of input and output VSWRs. All the parameters to be estimated were defined as variables and were optimized. The amplifier stages are placed after a DC block capacitor.
The width of all Microstop Lines, MLIN is 770 μm and the length is varying between 1 to 84 mm depending on the topology. So, the whole area is approximately 120 cm 2 . The distance from near edge of strip to first sidewall is more than 2.5 × 10 28 mm. Other parameters are given in Table 2 . Ιn Figures 4 and 5, S 11 and S 22 are given. As it can be seen the reflection coefficients are below −10 dB for almost all the desirable frequency range despite the transistor not already being matched for 75 Ω, but for 50 Ω. The forward gain, shown in Figure 6 , satisfies almost perfectly the specification of 35 ± 2 dB. Noise figure, given in Figure 7 , is near 1.3 dB which is within specifications. Finally, the stability factor K is given in Figure  8 for the whole operation bandwidth of the transistor. The amplifier is unconditionally stable, as K > 1. Consequently, all the specifications are achieved. Finally, in Figure 9 the main part of the layout without the bias branches is depicted. The transistor is provided in SOT343 packaging. The construction area is 16 × 8 cm and the majority of this area derives from the need for long microstrip lengths for the bias circuit.
The proposed solution satisfies both the noise and linearity requirements with moderate power consumption. Corporations such as MACOM, Avaco, Hittite provide CATV amplifiers, GaAs MMIC which exhibits low distortion in a lead-free miniature surface mount plastic package [12] [13] [14] . The novelty of this design lies in the achievement of low noise figure (NF) and high reverse isolation level across a wide bandwidth despite the resistive feedback topology. Moreover, employs a monolithic two stage design featuring a convenient 75 Ω input/output impedance. 
Conclusions
A high performance highly integrated sub-GHz wide band two stage low-noise amplifier (LNA) for DVB-T applications is designed. A noise-canceling topology using a feed-forward current reuse common-source stage is presented to obtain low noise characteristics and high gain while achieving good wideband input matching within 470 -790 MHz. In addition, linearization methods are appropriately utilized to improve the linearity. The final LNA achieves a power gain of more than 33.4 dB, a minimum noise figure of 1.3 dB. The design follows all the modern design trends which include increased gain, minimized noise figure and microstrip design, even for UHF frequencies. The requirements are met with the use of pHEMT transistor technology, which allows for low noise and high gain. Optimization and tuning functions are used for achieving the specifications.
